Few studies have examined the effect of parental BMT on the family and less is known regarding the impact on children. The purpose of this prospective study was to increase understanding of children's adaptation to the stress of parental BMT across a 12-month trajectory. Data were obtained from 61 children ages 10-18 before parental transplant, during parental hospitalization, 1, 4 , 8 and 12 months post BMT. Mixed linear modeling was used to analyze longitudinal data from children nested within families. Analyses examined change in child emotional adaptation, points of greatest vulnerability throughout the BMT trajectory and the impact of theoretically relevant variables on their adaptation. Children's emotional adaptation became significantly more positive over time, although their level of distress remained above the norm. Pre-transplant was the period of greatest emotional distress. Negative self-esteem, disruption within the family structure, use of disengagement coping and the mother as transplant recipient were associated with more negative adaptation. Further research is needed to fully understand the effects of parental BMT on children. However, these findings point to the importance of considering the adaptation of children and its implications for the development of preventive family interventions for this vulnerable population.
INTRODUCTION
BMT is being used increasingly world-wide. 1 It is characterized by prolonged hospitalization, risk of life-threatening complications and uncertainty regarding the outcome, all of which are sources of extreme anxiety and concern for family members. Furthermore, separation of the recipient parent from the family during hospitalization, caregiving demands when the parent returns home, and post-transplant financial constraints and medical complications disrupt family members' roles, responsibilities and routines. 2, 3 These changes result in distress for the BMT recipient, the family caregiver and consequently impact children. 3, 4 Previous studies have focused on recipient and caregiver psychological and behavioral responses to BMT. However, data pertaining to child adaptation have been relatively absent from the literature. Background A study of families of BMT recipients included findings associated with children's responses from the parental perspective. Preliminary descriptive findings of the effects on children by age group were reported, but the number of child participants and final results were not reported. 3 In a study of recipients' reintegration into everyday life after BMT, child emotional distress was reported by one participant. 4 A dissertation comparing 20 children having a parent undergoing BMT with a group of 20 'community children,' pre and post BMT found higher levels of depression, anxiety and behavioral issues pre-BMT, while 2 weeks post-transplant differences were not significant. 5 A study of the concerns of parents undergoing a BMT about their dependent children included questions regarding what information to convey, but no specific data were obtained pertaining to the children themselves. 2 Evidence indicates that despite the increased use of BMT, research concerning the adaptation of children to parental BMT has been minimal.
The majority of studies pertaining to child response to parental cancer, without regard to type of treatment, have been crosssectional and focused on children of mothers with breast cancer. Findings suggest B21-35% of these children experience psychosocial distress. 6 Adolescents, particularly girls, have been found to be at heightened risk for emotional distress, [7] [8] [9] [10] while variables that characterize parental illness such as type and stage of cancer have not been found to be associated with children's emotional adaptation. 11 Additionally, findings indicate family variables of cohesion, expressiveness, family role strain and conflict are particularly important factors associated with children's responses to parental cancer. 8, [12] [13] [14] [15] [16] [17] Given the lack of studies of children's responses to parental BMT, we addressed the following questions. (1) How does child adaptation as indicated by emotional response change across the parental BMT trajectory? (2) What are the time points of greatest vulnerability for children throughout the trajectory? (3) What factors are associated with child emotional adaptation? The longitudinal design included six-time points over a 1-year trajectory, beginning with the pre-hospitalization/pre-transplantation period. It was based on the theoretical perspective that children are part of an interacting family whose members are all affected by internal and external stressors imposed by BMT. 18 Transactional patterns are altered and major changes occur as the family struggles to maintain its integrity. Figure 1 presents a theoretical model of the process of the child's adaptation and influential variables.
The indicator of child adaptation is emotional response because it provides a gauge for the individual's reaction to a threatening situation. 19, 20 Therefore, we make the assumption that a child's emotional response reflects how she/he is adjusting to the stress of the parent's BMT. Coping is a behavioral response directly affecting a child's emotional adaptation. Specific coping strategies included in the analyses were: primary/problem focused coping, secondary coping focused on acceptance and disengagement/ avoidance coping. 21 The child's engagement in particular coping strategies is theorized as being influenced by the sense of self, specifically self-esteem, including perception of his/her social abilities, personal skills and personal characteristics. 22 Importantly, self-esteem in early to late adolescence has been shown to be dynamic and subject to the influence of both family dynamics and stressful events. 23 Family environment provides the context for development of a child's self-esteem, specifically the level of confidence in his/her ability to manage challenges of day-to-day living. 23, 24 Two defining factors of the family environment are interaction patterns and family structure. Interaction affects the emotional climate within the family, including the degree of cohesion, conflict and the quality of communication. 25 Family structure was defined by patterns of family transaction as determined by role allocation and role changes, as well as by changes in family routines, household responsibilities and the child's social life. 24 The caregiver parent is the central figure within the family environment, because care of the seriously ill recipient and stability of the family system depend upon this individual; therefore, their level of distress was included. The recipient parent variables included the type of BMT, the specific cancer diagnosis and gender.
MATERIALS AND METHODS Sample
Data for this study of children were obtained as part of a larger exploratory study of family adaptation to the stress of BMT. A recipient undergoing a first time allogeneic or autologous transplant and a family caregiver were required for participation Children living in the home between the ages of 10 and 18 were also asked to participate. Thirty-six families with a total of 61 children consented, or B86% of those eligible. The primary reason for refusal involved parental concern about increasing child distress. Of these 61 children, 42 or 69% completed all interviews across the 1-year trajectory. Nine children from three families did not complete the study owing to death of the recipient parent. Two other children dropped out before T3, and the remaining eight children dropped out after T3 data collection. No significant differences were found at T1, T2 or T3 in emotional adaptation or family structural change between children whose parent died when compared with children whose parent survived the transplant. Nine of 10 children who dropped out for reasons other than death of the recipient parent were male, and all were between the ages of 13 and 18 years. No significant differences in emotional distress, family structural change or type of BMT were found between those children who dropped out and children who completed the study. Lack of interest, a move out of the family home, and loss to follow-up were reasons for attrition. Demographic characteristics of children and their parents may be found in Table 1 .
Procedures
Children were recruited to the study before parental BMT/hospitalization, and both parental consent and child assent were required. As the primary focus was to examine children's perceptions of their personal experiences, we obtained the data directly from them. Research has indicated parents' perceptions of their children's responses to various circumstances are influenced by the stress they are experiencing, and comparative responses from parents and children are frequently incongruent. 26 Interviews were conducted per telephone by one investigator at the same six-time points as data were obtained from the parents: baseline, 1 to 2 weeks before hospitalization (T1), during hospitalization for transplantation (T2) and 1 month (T3), 4 months (T4), 8 months (T5) and 12 months (T6) following the Children and parental BMT ML Spath et al initial hospital discharge. Each of these time points is marked by particular events and changes requiring the adaptation of family members.
Measures
Valid, reliable and child-appropriate measures were used, and selection of variables was based on the theoretical perspective discussed above. They are described in Table 2 .
Child emotional adaptation and self-esteem were measured by the Mental Health Subscale and the Self-Esteem Subscale of the Child Health Questionnaire, respectively, CHQ-CF87. 27 This is a comprehensive, established instrument that assesses general functional status. It is designed for children 10 years of age and older, and is tailored for telephone interviewing.
The Response to Stress Questionnaire/RSQ (Social Stress Version), is based on a multi-dimensional model that includes both voluntary coping efforts and involuntary stress responses. Three subscales pertaining to voluntary coping strategies were included in this study: primary control engagement or changing stressful situations through problem-solving and/ or changing one's emotional response through emotional regulation; secondary control engagement or efforts to adapt through cognitive restructuring and acceptance strategies; and disengagement or efforts to disassociate with the stressor through avoidance and denial. 21 Subscales pertaining to involuntary responses were not included in this study.
Children's perceptions of ongoing functioning within the family were indicated by measures of family structure and family interaction. Eight items were included in the measure of family structure with four items taken from the Response to Stress Questionnaire 21 and four items taken from the Family Activities sub-scale of the CHQ-CF87. 27 These consolidated items were factor analyzed to determine if they formed a coherent measure. All item loadings were above 0.54, with 49% of the variance explained by two factors. Cronbach's a was 0.68. Characteristics of family interaction, cohesion, conflict and expressiveness, were measured by three of ten subscales from the Family Environment Scale (FES). 25 Based on data from this study, the coefficients alpha for cohesion, conflict and expressiveness were 0.75, 0.72 and 0.45, respectively. The expressiveness subscale was retained despite the low alpha because children's perceptions of communication within the family have been shown to be highly important in determining emotional well-being. 28 Distress for the caregiver parent was included, measured by the negative affect subscale of the widely used positive and negative Affect Schedule, the PANAS-X. 29 
Statistical analyses
Means and s.d. were calculated to describe and assess changes across the trajectory for all variables. Bivariate correlations were calculated, and the P-value for each correlation was computed from a multi-level model, estimated with a mixed linear model to appropriately account for withinfamily correlation. Multi-level modeling was selected because some families had multiple children participating in the study, and this method takes into account the within-family intra-class correlation and does not assume independence of observations. 30 Repeated measures multi-level modeling was also performed using mixed linear modeling to simultaneously model all time points, again to account for some families having multiple children. In creating the models, all variables deemed theoretically important were entered into the preliminary analyses, however, to achieve adequate power given the available sample only variables that were significant were retained in subsequent analyses. On the basis of this criterion, variables included in the model of adaptation, but not in the final analyses, were type of transplant and cancer diagnosis of the recipient, child age and child secondary engagement coping.
Two commonly used mixed linear models were estimated, one using a random intercept and repeated effects statement for TIME using the ARH1 covariance structure and the other using a random intercept and random slope for TIME. As the model using a random intercept and a repeated effects statement fit the data significantly better than the model using the random intercept and random slope, (AIC ¼ 1886.8 versus 1889.6 with a lower value indicating a better fit), the former model was used to test the covariates in the final model. The model was then rerun using the random intercept and random slope for TIME to test the variance of the slope parameter to determine whether the rate of change in emotional adaptation varied significantly over time across children.
Missing data were less than 7% for the first three time points (T1-T3) and ranged from 13-33% missing over the second three data points (T4-T6); however, the mixed linear modeling approach incorporates incomplete cases allowing for the best use of all available data. points of greatest vulnerability, respectively. The time effect based on the mixed linear model indicated a significant decrease in emotional distress at P ¼ 0.004 (Table 3) , while variability in the rate of change within the sample toward less distress and more positive adaptation indicated only marginal significance at P ¼ 0.084, (not shown). A comparison of the means for emotional response with the published norm of 74.9 27 indicated children in this sample experienced significantly more negative emotion at T1-T5 than the norm, however, the difference at T6 was NS. The s.d. at all sixtime points also indicated less variance than the published norm of 16.3. 27 Notably, the mean for self-esteem remained significantly below the norm of 74. 6 27 across the trajectory. Given these findings, the point of greatest vulnerability indicated by children's emotional adaptation was T1 before hospitalization and the actual transplant (Table 4) .
Research question no. 3 focused on those variables associated with child emotional adaptation, and the variation in these associations across time. Based on analyses of the mixed linear models, none of the interactions between covariates and TIME were significant; therefore, the magnitude of association between covariates and emotional adaptation did not differ significantly across time. The final model shown in Table 3 without interaction terms can therefore be used to interpret the association between covariates and emotional adaptation. T1  T2  T3  T4  T5  T6 Child variables To more clearly understand the impact of these variables, correlations were computed with both emotional adaptation and self-esteem. These particular relationships were examined because emotional response represents adaptation, and self-esteem is a central aspect of self-perception that affects one's responses to events. They were associated with each other with correlations ranging from 0.60 to 0.70 across the trajectory. Additional findings point to the association of several covariates with both emotional adaptation and self-esteem. Regarding coping strategies, disengagement coping was consistently associated with negative emotional response with correlations ranging from À 0.385 to À 0.687, Pp0.01 (see Table 5 ). It was also a coping strategy used more by children with negative as opposed to positive self-esteem (Table 6) .
Likewise, family environment was associated with the child's adaptation/emotional response. Specifically, less change in family structure, that is less disruption in roles, routines and patterns of family transactions were associated with more positive adaptation and more positive self-esteem. Furthermore, greater family cohesion and lower levels of conflict were correlated with less emotional distress and more positive self-esteem (see Tables 5  and 6 ).
Although the level of communication within the family indicated by expressiveness was only marginally associated with emotional response/adaptation in the multi-level model (Po0.10), expressiveness was positively associated with family cohesion and negatively associated with family conflict throughout the trajectory at magnitudes ranging from 0.226 to 0.464 for cohesion and À 0.250 to À 0.421 for conflict (not shown).
Among demographic and treatment-related variables in the analysis, the gender of the recipient parent was the singlesignificant factor. When the mother was the transplant recipient and the father assumed the caregiver role, emotional adaptation of the child was more negative as indicated in the mixed model analysis, Po0.004 (Table 3) . Neither the specific cancer diagnosis nor the type of transplant was associated with child adaptation or self-esteem.
DISCUSSION
Children's emotional adaptation became steadily more positive across the trajectory. However, they experienced greater emotional distress than the norm. There was minimal variability in emotional change within the sample indicated by the low s.d. for emotional response. It is not uncommon for recipients to experience significant symptomatology for months following treatment, therefore, this increasingly positive adaptation may be because of a greater sense of security and normalcy with the ill parent in the home despite the parent's physical condition. Further research with long-term follow-up is needed to determine whether this pattern of positive change continues, and to identify consequences that may occur with deterioration in the parent's condition.
The point of greatest vulnerability was the pre-transplant period. This may be evidence of children's awareness and anticipation of the threat of impending family change and the recipient parent's precarious situation. It may also be a result of the decision making families go through regarding treatment and BMT. Importantly, it suggests that the uncertainty associated with anticipation of this upcoming event is conveyed to the children as parents are involved in making major medical decisions. This pretransplant period would be an opportune time to initiate an intervention to reduce children's distress and promote positive adaptation throughout the trajectory.
Our findings regarding the significance of self-esteem are consistent with two studies of children's adaptation to parental cancer. Nelson and While 31 found low self-esteem was associated with poor child adjustment to parental cancer 1 year postdiagnosis, while Lewis and Darby 32 found low self-esteem was associated with poor parental relationships, and subsequently poor child adjustment. Our finding that self-esteem scores remained below the norm were congruent with Baldwin and Hoffman 22 who maintain there is a risk to self-esteem posed by stressful life events beyond an adolescent's control. The significance of this finding is supported by the association of low self-esteem with the use of disengagement coping in this Table 5 . Children and parental BMT ML Spath et al
